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A goal of HIV therapy is to sustain suppression of the plasma viral load below the detection limits of clinical assays. However,
widely followed treatment guidelines diverge in their interpretation and recommended management of persistent viremia of low
magnitude, reflecting the limited evidence base for this common clinical finding. Here, we review the incidence, risk factors, and
potential consequences of low-level HIV viremia (LLV; defined in this review as a viremia level of 50 to 500 copies/ml) and very-
low-level viremia (VLLV; defined as a viremia level of <50 copies/ml detected by clinical assays that have quantification cutoffs
of <50 copies/ml). Using this framework, we discuss practical issues related to the diagnosis and management of patients experi-
encing persistent LLV and VLLV. Compared to viral suppression at <50 or 40 copies/ml, persistent LLV is associated with in-
creased risk of antiretroviral drug resistance and overt virologic failure. Higher immune activation and HIV transmission may
be additional undesirable consequences in this population. It is uncertain whether LLV of <200 copies/ml confers independent
risks, as this level of viremia may reflect assay-dependent artifacts or biologically meaningful events during suppression. Resis-
tance genotyping should be considered in patients with persistent LLV when feasible, and treatment should be modified if resis-
tance is detected. There is a dearth of clinical evidence to guide management when genotyping is not feasible. Increased availabil-
ity of genotypic assays for samples with viral loads of <400 copies/ml is needed.

Combination antiretroviral therapy (cART) is the cornerstone
of HIV-1 treatment. The goal of cART is to maximize the

inhibition of infectious virion production in order to curtail viral
evolution, reverse immunologic decline, restore health, and pre-
vent HIV-1 transmission. The suppression of plasma HIV-1 RNA
concentration (plasma viral load [pVL]) below the quantification
limits of clinically accessible assays is a widely accepted indicator
of successful cART (1–3). Transient increases in pVL are common
in patients on “successful” cART (4, 5), but most of these patients
harbor plasma HIV-1 RNA that can be quantified using more
sensitive assays (6, 7). The sensitivities of clinical assays available
to diagnose low-level viremia (LLV) and very-low-level viremia
(VLLV) have outpaced the understanding of their clinical conse-
quences and access to reliable resistance assays necessary to opti-
mize treatment decisions. As such, both LLV and VLLV are now
routinely encountered, yet optimal management is unresolved.
There is a need to synthesize emerging literature regarding clini-
cal, virologic, and immunologic consequences of persistent LLV
and VLLV, two conditions that routinely challenge clinicians car-
ing for HIV-1-infected patients.

MATERIALS AND METHODS
Data sources. We performed a comprehensive query of PubMed, Med-
line, and Google Scholar from database inception to 31 August 2013. The
search terms used included “low-level viremia,” “very-low-level viremia,”
“residual viremia,” or “viral blip” alone or in combination with “HIV,”
“resistance,” “rebound,” or “plasma viral load.” Language use was not
limited to English. Additional references were obtained from the reference
lists in the articles identified using this search method. Finally, relevant
abstracts and reports from meetings from 2011 to 2013 were queried and
included only if they related to previously published work.

Definition of terms and scope of analysis. Our definitions of terms
are included in Table 1. Of note, we defined LLV as an HIV-1 plasma viral
load of 50 to 500 copies per ml (cpm), although others have included

viremia of up to 1,000 cpm in this category. In addition, definitions of
virologic failure and viral rebound are varied in the literature on HIV.
Where necessary, we highlight here alternate definitions used by authors
in the context of particularly informative studies.

The purpose of this review was to examine the clinical, virologic, and
immunologic significance of persistent LLV and VLLV. The clinical char-
acteristics of viral blips have been reviewed (4) and are discussed here only
where they help contextualize the management of persistent LLV and
VLLV.

RESULTS AND DISCUSSION
Evolution of HIV-1 RNA assays and detection of viremia during
cART. The Roche Amplicor HIV-1 monitor test, a platform that
utilizes endpoint reverse transcription-PCR (RT-PCR) technol-
ogy, was the first widely available assay for pVL monitoring in the
United States (8). Subsequent methods used branched-chain
DNA and nucleic acid sequence-based amplification. In addition,
single-copy HIV PCR assays have been developed primarily for
research purposes (9). The Roche Amplicor HIV-1 monitor ver-
sion 1.5 RT-PCR platform, with a lower RNA detection limit of 50
copies per ml (cpm) was the most widely used, and suppression at
�50 cpm became a widely accepted target for cART success.

More recent real-time RT-PCR platforms detect PCR products
during the exponential phase of RNA amplification. They reduce
cross-contamination and report RNA across a wider linear dy-
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namic range of detection (10). The two most widely available real-
time RT-PCR assays have reported RNA quantification limits of
20 cpm (Roche Cobas Amplicor TaqMan assay version 2.0) and 40
cpm (Abbott RealTime RT-PCR assay) and can qualitatively de-
tect HIV-1 RNA below these quantification limits (11, 12). Real-
time RT-PCR assays have increased sensitivity at low pVL, reveal-
ing a pVL of �50 cpm in up to 15% of samples with a pVL of �50
cpm using traditional endpoint RT-PCR testing (13–15). Differ-
ences between endpoint and real-time RT-PCR testing may be
more pronounced in non-B HIV subtypes (16, 17). Though dif-
ferent real-time RT-PCR testing platforms show general agree-
ment and correlation at �50 cpm, there is quite poor correlation
at the lower limits of assay detection (14). In addition, the intra-
assay variabilities of these assays are greatly increased at low pVL
(18). The results of HIV pVL assays can be affected by specimen
processing and handling, including the types of collection tubes
used (19, 20).

Kinetics of HIV-1 decay and viremia during cART. HIV-1
decay during cART occurs in distinct phases (Fig. 1) (6, 21, 22).
Though most patients achieve viral suppression at �50 cpm dur-
ing the second phase of viral decay, a key observation of successful
cART is HIV-1 persistence (23–28). Using a single-copy HIV-1
RNA assay, Maldarelli et al. (7) observed that �80% of individuals
had stable HIV-1 viremia after 60 weeks of cART, with a median
pVL of 3.1 cpm (range, 1 to 49 cpm). Two current hypotheses
explain the source for residual viremia. The first proposes that
detectable residual viremia is due to the stable periodic release of
HIV from latently infected cells, possibly due to antigenic stimu-
lation (6). The second posits that LLV represents the product of
ongoing viral replication, presumably from sanctuary sites, which
are poorly targeted by cART (29). It is possible that both mecha-
nisms contribute to residual viremia.

Frequency of LLV and VLLV. LLV is common during cART,
although actual rates vary across studies (ranging from 18 to 34%)
due to differences in study designs, population, and pVL assay
used (4, 5, 30–41). Virtually all of these studies included viral blips,
and only a few provided estimates of LLV persistence after viral
suppression (4, 5, 30, 32).

Most first episodes of LLV (70 to 82%) in large cohort studies
of patients with initial suppression were blips, and 18 to 24%
became persistent LLV. A minority (6 to 9%) of patients with
initial LLV progressed to higher degrees of viremia (4, 5, 30–32).
Thus, approximately 4% to 8% of the total population that

achieved an initial pVL of �50 cpm in the studies subsequently
developed persistent LLV of �500 cpm. The frequency of persis-
tent LLV in patients without recent viral suppression is likely to
have wider variance, depending on several factors, including the
cART regimen and duration of ART.

Recognition of VLLV is on the rise given the progressive de-
crease in the reported quantification limits of clinical assays. The
precise incidence rates of VLLV are, however, poorly character-
ized, as studies have differed in terms of the pVL assay used, as well
as patient population characteristics, such as type and duration of
cART (7, 42, 43).

Risk factors. Several potential risk factors for low-level viremia
and very-low-level viremia have been investigated. No one factor
appears determinative in all cases, and it is likely that most cases
are multifactorial.

Conflicting evidence on stage of HIV infection prior to cART
initiation. Hypothetically, a more advanced HIV stage prior to
treatment initiation should increase the risk for viral rebound
during cART because of a greater diversity of HIV-1 quasispecies,
more extensive viral reservoir, and exhaustion of immune effector
responses. However, studies have produced mixed results. In one
study, patients diagnosed and treated during primary HIV infec-
tion had 2-fold-lower rates of LLV compared to those who initi-
ated treatment in the context of chronic HIV infection (44).
Among 1,158 patients receiving their first cART in two random-
ized clinical trials, pretreatment pVL of �6 log10 cpm was associ-
ated with a 2.2-fold-increased risk of persistent viremia of �50
and �1,000 cpm (45). In contrast, other investigators observed no
association between pretreatment pVL and risk of persistent
viremia of �50 cpm (4, 46).

In several studies, having VLLV compared to suppression be-
low the assay detection limit (which varied between studies) was
associated with higher pre-cART pVL (43, 47, 48), larger amount
of proviral HIV DNA (47), lower CD4 cell count (48), and more
advanced CDC stage (49).

VLLV is a risk factor for rebound of >50 cpm, but the signif-
icance is unclear. Studies that evaluated the risk of viral rebound
among patients with detectable viremia below the quantification
limits of conventional assays differed in their results (Table 2).
Most of the studies demonstrated an increased risk of viral re-
bound of �50 cpm among patients with detected viremia below
the limits of conventional assays (43, 48, 50–52), while two did not
reveal an association (42, 49). In one of the studies, Doyle et al.

TABLE 1 Definitions of terms

Term Definition

Low-level viremia HIV-1 plasma viral load of 50–500 cpma

Viral blip An episode of low-level viremia that is preceded and followed by suppression below the quantification limit of the assay
Persistent low-level viremia At least two consecutive episodes of low-level viremia
Very-low-level viremia HIV-1 plasma viral load of �50 cpm detected by clinical assays with quantification cutoffs of �50 cpm
Residual viremia Cryptic viremia during cART that is often 1–10 cpm and unaffected by treatment intensification (6, 7, 29, 42, 66,

109–111)
Virological failure HIV-1 plasma viral load of �1,000 cpm after previously attaining a plasma viral load of �1,000 cpmb

Low-level viral rebound At least one HIV plasma viral load of 50–500 cpm in a patient who previously attained viral suppression to �50 cpm
High-level viral rebound At least one HIV plasma viral load of 500–1,000 cpm in a patient who previously attained viral suppression to �50 cpm
Viral rebound with HIV resistance The development of new HIV drug resistance mutations in the context of at least one HIV plasma viral load of �50

cpm
a Some authors have defined low-level viremia with an upper plasma viral load of 1,000 copies per ml (cpm).
b There is significant heterogeneity in the definition of virological failure across guidelines (see Table 5).
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(48) stratified patients based on the Abbott RealTime assay into
pVLs of 40 to 49 cpm, �40 cpm with RNA detected, and �40 cpm
with no RNA detected. They found that compared to individuals
with a pVL of �40 cpm and no detected RNA, having viremia of
40 to 49 cpm increased the risk of rebound to �50 cpm by 4.67-
fold, while having detectable RNA at �40 cpm increased the risk

by 1.97-fold. The risks of rebound to �400 cpm were increased by
6.91-fold and 2.88-fold, respectively. Others have reported in-
creased risks of rebound to �50, �200, and �400 but impor-
tantly, not �1,000 cpm or higher (50). The majority of the re-
bounds of �200 cpm were blips, and resistance rarely emerged
(50), clouding the significance of these events.

FIG 1 Graphs of pVL over time by phase (top) and viremia level (LLV and VLLV) (bottom). Some data are from Palmer et al. (6). Persistent low-level viremia
and very-low-level viremia may also occur prior to having achieved pVL suppression to �50 cpm. cART, combination antiretroviral therapy; pVL, plasma viral
load; cpm, copies/ml; at phase I, the half-life (t1/2) is 1.5 days; at phase II, the t1/2 is 2.5 weeks; at phase III, the t1/2 is 39 weeks. The viral blip dynamics are as
described by Di Mascio et al. (108), including a 2-phase decay lasting up to 3 weeks.
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Viral blips of low amplitude are unlikely to lead to persistent
LLV. Several heterogeneous studies have examined the risk of vi-
rologic failure among patients experiencing viral blips, using dif-
ferent cutoffs to define virologic failure (Table 3). One of these
studies evaluated a broad range of blips and found an increased
risk of viral rebound (two consecutive pVLs of �50 cpm or a
single pVL of �1,000 cpm) among patients with viral blips of 500
to 999 cpm, but not among those with viral blips of 50 to 500 cpm
(34). Another study that specifically evaluated sustained viral re-
bound at 50 to 400 cpm found no association with a prior blip
(14). The four studies that found an association between viral
blips and subsequent virologic failure included either a pVL of
�400 cpm in the definitions of viral blip (34, 53, 54) or considered
a single blip of �500 cpm to be virologic failure (5). Thus, studies
to date agree that the risk of subsequent virologic failure (includ-
ing persistent viremia in the LLV range) is not significantly in-
creased among patients with isolated low-amplitude viral blips
(�400 or �500 cpm). The risk in patients with higher-amplitude
blips is less clear.

It is unknown whether associations exist between viral blips
and subsequent VLLV, though the findings of two studies support
this relationship (42, 49).

Adherence. Elucidating the relationships between adherence
and persistent LLV or VLLV is a challenge because adherence is
difficult to measure accurately, and the consequences of imperfect
adherence vary depending on the pattern of missed doses and the
cART regimen. Further, adherence studies have addressed viral
rebound in general and not persistent LLV specifically. Some
studies have linked viral rebound to adherence (40, 54), but this
has not been consistently reported (33, 37, 48, 55). Given the well-
established relationship between lapses in adherence and overt
virologic failure, it is prudent to exclude suboptimal adherence in
all patients with persistent LLV or VLLV while recognizing that
adherence lapses will not be detected in some patients.

Antiretroviral regimen. Some antiretroviral combinations or
strategies may predispose a patient to LLV, particularly in patients
with high baseline pVL (56). Thus, triple-nucleoside reverse trans-
criptase inhibitor (NRTI) cART and boosted protease inhibitor
(PI) monotherapy regimens have been associated with failure with
relatively high rates of LLV (57, 58). Also, LLV was common
among failures of raltegravir plus darunavir-ritonavir in a prelim-
inary study (59), though this result has not been confirmed.

Regimens containing a nonnucleoside reverse transcriptase in-
hibitor (NNRTI) plus two NRTIs have been shown to suppress
pVL to lower HIV-1 RNA copy numbers than those with ritona-
vir-boosted PI plus two NRTIs (32, 42, 43, 48, 51, 60, 61). Since
rebound to �50 cpm is more likely in those with VLLV than those
in whom no viremia was detected, as discussed above, it has been
hypothesized that recipients of PI-based regimens will be more
prone to viral rebound and, by extension, persistent LLV. This is
not proven, however, as a few studies have demonstrated a higher
risk (4, 45, 57), but the majority found no difference between PI-
and NNRTI-based regimens (5, 30, 31, 38, 50). Results demon-
strating increased rebound risk with PIs may reflect clinician pref-
erence for prescribing PI-based cART to patients perceived to be
at risk for poor adherence, or it may be influenced by defining LLV
as a pVL of �50 cpm after 6 months, since PI-based regimens
exhibit a slower decay of plasma virus than NNRTI-based regi-
mens (4, 31, 45, 57).

It has been postulated that the mechanism of antiretroviral

activity may influence the frequency of LLV. In recent tissue cul-
ture experiments, maraviroc and other entry inhibitors (enfu-
virtide and AMD3100) were associated with a virus redistribution
phenomenon and higher extracellular HIV-1 RNA count than
those with efavirenz and raltegravir, which act intracellularly (62).
Differences in the penetration of antiretrovirals (ARVs) into cel-
lular and tissue reservoirs of HIV-1 is yet another potential though
unproven pathway by which ARVs may have a differential predi-
lection for LLV (63–65).

Other potential factors. Since HIV-1 decay occurs in distinct
phases and viral reservoirs tend to diminish with increasing dura-
tion of effective cART, a longer duration of viral suppression
should be associated with decreased risk of viral rebound (6, 7,
66). Indeed, a longer duration of suppression at �50 cpm has been
associated with a reduced risk of viral rebound, including rebound
to �50 cpm (43, 48, 67).

Clinical significance. (i) Antiretroviral resistance increases
with persistent LLV. ARV drug resistance is well documented in
patients with a viremia level of �1,000 cpm (Table 4), though the
reported prevalence varies depending on ART experience, viro-
logical suppression/failure, duration of viremia, and treatment
regimen (45, 68–75). In one of the largest studies (n � 1,001),
genotyping of clinical samples between 1999 and 2006 in the
United Kingdom revealed at least one drug resistance mutation
(DRM) in 60% and 72% of samples, with pVLs of �300 cpm and
300 to 999 cpm, respectively (70). This high rate of resistance
reflected the extensive treatment experience of the population,
common use of unboosted PIs in the earlier years of the study, and
the tendency of clinicians to request resistance testing in the pa-
tients with the highest risk. More recently in British Columbia,
Canada, where genotyping is routinely performed on all clini-
cal samples with a pVL of �250 cpm, 38 (19%) of 196 treat-
ment-naive patients without baseline resistance had at least
one DRM at their first LLV of 50 to 1,000 cpm. Almost all of the
DRM affected NRTIs and/or NNRTIs, and none affected a
boosted PI (71). Other investigators have found relatively low
risk of PI resistance early during LLV (45, 69). In comparison,
integrase strand transfer inhibitor (INSTI) DRM were present
in 5 (20%) of 25 patients who failed a dual regimen of ritona-
vir-boosted darunavir plus raltegravir; all the patients with
INSTI resistance had a pVL of �400 cpm at the time of failure,
and there were no PI DRM (59).

New DRM can emerge during viremia of �1,000 cpm, includ-
ing when viremia is �500 cpm (45, 69, 73). In a population with at
least three episodes of a pVL of 40 to 500 cpm within 6 months,
Delaugerre et al. (68) found at least one new DRM during LLV
(median pVL, 134 cpm) in 11/37 (30%) patients followed for a
median of 11 months. There is a trend toward greater resistance
with higher pVL during LLV (36, 45, 71, 76, 77). In one study, new
DRM were detected in 0 of 10 patients with a maximum pVL of 51
to 100 cpm, compared with 5 (38%) of 13, with a pVL of 101 to 200
cpm and 15 (48%) of 31, with a maximum pVL of 200 to 1,000
cpm (45). In the British Columbia cohort, the median pVLs in
patients who evolved resistance and those who did not were 472
cpm versus 369 cpm (P � 0.067), respectively (72). While resis-
tance is more likely against NNRTI/NRTIs and INSTIs than
against ritonavir-boosted PIs early during LLV, all classes are at
risk over time (72). Antiretroviral drug resistance is yet to be ad-
equately characterized in patients with VLLV because of the lim-
itations of current assays.
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(ii) Virologic failure increases with persistent LLV. There is
consistent evidence of increased risk of virologic failure in patients
with persistent viremia of 50 to 1,000 cpm (Table 3). Some of the
studies demonstrated an increased risk in patients with persistent
viremia of �500 cpm (4, 5, 58, 78), including after only two con-
secutive pVLs of 51 to 500 cpm (5), and when persistent viremia
was 50 to 199 cpm for 6 months (78). The increased risk of viro-
logic failure may be explained by drug resistance during LLV.
Among 1,965 patients experiencing persistent viremia of �1,000
cpm, 30% had regimen-compromising DRM, and 5% had �1
active drug in their regimen (79). The genotype susceptibility
score predicted virologic failure in a linear fashion even when the
pVL was 50 to 250 cpm.

(iii) Immunologic alteration, inflammation, and microbial
translocation. There does not appear to be a clinically meaningful
impact of either VLLV or persistent viremia of �400 cpm on the
CD4� T-cell trajectory (26, 31, 39, 45, 47, 49, 51, 80), while a few
studies have signaled that the trajectory may be affected by viremia
of �400 cpm (31, 37, 53).

Biomarkers of immune activation, inflammation, and micro-
bial translocation remain elevated in virologically suppressed
HIV-infected patients compared to HIV-negative individuals
(81–84) and may be a pathway to noninfectious morbidities (85,
86). The cellular markers of immune activation appear to remain
elevated during persistent LLV. A study (n � 33) found that pa-
tients with a pVL 50 to 1,000 cpm in �50% of the measurements
had higher levels of CD8� T-cell activation than those of the group
with a sustained pVL of �50 cpm (73). In a study of 832 patients
on cART for �96 weeks, the mean CD8 activation was 1.9%
higher among those with LLV of 50 to 200 cpm than those with
consistent viral suppression at �50 cpm (P � 0.016) (87). An-
other study that stratified 101 patients into consistent pVL of �20
cpm versus pVL of �20 cpm at least once (median, 81 cpm) dur-
ing 24 months of follow-up reported an association between
higher pVL and increase in activated CD8� CD38� and CD8�

HLA-DR� cells (88). Whereas there is no evidence of an associa-
tion between viral blips and markers of immune activation, one
small study demonstrated higher levels of soluble immune activa-
tion markers during periods of detectable residual viremia of �20
cpm (89, 90).

Some markers of inflammation and/or endothelial activation
have also been studied (91–95). In the subgroup with a pVL of
�400 cpm in one study, the levels of von Willebrand factor (vWF)
remained higher than in the HIV-negative controls and correlated
with levels of interleukin-6 (IL-6) (91). In another study of 122
patients with LLV (1 to 500 copies/ml) on stable cART, there was
a positive correlation between pVL and IL-6, with a pVL threshold
value for significantly increased IL-6 of 31 cpm (P � 0.023) (92).
In contrast, a recent study that explored associations of inflamma-
tory biomarkers with several pVL strata found no correlations of
pVL with C-reactive protein (CRP), IL-6, or fibrinogen (94). Mi-
crobial translocation, as measured based on bacterial 16S rRNA
genes, was higher in individuals with LLV (20 to 200 cpm) on
cART than in those with pVL suppression (�20 cpm) (93). More
studies are needed to fully understand the impact of persistent
LLV or VLLV on immune activation, inflammation, and micro-
bial translocation.

(iv) Morbidity and mortality. Two recent studies found no
association between LLV (�400 cpm) and AIDS progression
and/or overall mortality (94, 95). These results should be inter-
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preted with caution, because any impact on morbidity and mor-
tality is likely to be modest and require a long period of follow-up
and a large number of participants in order to be detected. Other
investigators have observed a correlation between cumulative
plasma HIV-1 exposure over time and both AIDS and non-AIDS
morbidity and mortality (96), and they speculated that these ef-
fects may be due to the sequelae of increased systemic immune
activation and inflammation (82, 97). Several studies discussed
above suggest the potential for alteration of immune activation
and inflammation during periods of LLV. However, a large cohort
study found no increased risk of non-AIDS disease associated with
LLV compared to that associated with viral suppression, although
75% of LLV episodes consisted of viral blips only (95).

(v) HIV transmission. pVL correlates with HIV RNA concen-
tration in genital secretions and is one of the best predictors of
HIV transmission risk (98). Viral transmission risk is considered
minimal (i.e., approaching zero) in patients with consistently un-
detectable plasma HIV levels (99, 100). However, a recent study
reported the presence of HIV RNA in seminal fluid (135 to 2,365
cpm) in 6.6% of patients at time points when plasma HIV-1 RNA
was not detectable (101). Others have also recovered both free and
cell-associated HIV RNA from genital secretions of individuals
with undetectable HIV in plasma (102), possibly reflecting the
limited penetration of antiretroviral drugs into the genital com-
partment (102–104).

It is expected that viral shedding into infectious body fluid
occurs during episodes of persistent LLV. Consistent with this,
maternal-to-fetal HIV transmission is decreased to approximately
1% (not eliminated) when pVL declines to �1,000 cpm (105), and
sexual transmission can still occur when pVL is �1,000 cpm
(106). Accordingly, the risk of HIV transmission is likely to be
lower during persistent LLV than during untreated HIV but
higher than in patients with consistently undetectable plasma
HIV. The transmission risk during VLLV is unknown but ex-
pected to be exceedingly low.

Management. There is a dearth of clinical trials on the man-
agement of LLV; hence, guidelines often reflect expert opinion. In
addition, management strategies necessarily reflect available re-
sources that differ by region. As such, the following discussion
primarily relates to the management of LLV in non-resource-poor
settings.

Persistent LLV. The definitions of virologic failure and recom-
mended management approaches vary between guidelines (Table
5). Notably, virologic failure is defined in the Department of
Health and Human Services (DHHS) guidelines as a confirmed
pVL of �200 cpm, which is a higher threshold than the 50 cpm
cutoff adopted by other guidelines in Europe and North America.
The cutoff of 200 cpm is supported by studies showing that
viremia of 51 and 200 cpm in some patients may represent biolog-
ical variation around a mean value of �50 cpm and/or assay ef-
fects (2, 33). The potential for resistance and increased virologic
failure with persistent viremia of �200 cpm has yielded consider-
ation of a lower cutoff (50 cpm), but this remains controversial
(48, 50). Adherence should be evaluated and strengthened as
needed in all patients with LLV.

Broadly, the management of persistent LLV should be concep-
tualized as occurring with or without resistance data. Genotype-
guided treatment modification in patients with persistent LLV can
improve viral suppression rates (79, 107), but a challenge in clin-
ical practice is that genotyping is less available and/or successful

for the lower end of the LLV range. In the United States, FDA-
approved genotypic assays have a pVL cutoff of �1,000 cpm, but
several commercial laboratories will perform genotypic testing on
samples with much lower pVLs. Independent laboratories can un-
dertake in-house genotyping in lieu of commercial tests. The
genotyping success rate in one study was 75% for pVLs of 50 to 249
cpm and �90% for pVLs of 250 to 499 cpm (71). Critically, de-
spite the potential genotyping success at the lower strata of LLV,
there is a lack of consensus regarding the role of genotype-guided
management of patients with a pVL of �200 cpm.

If genotyping is not available or is attempted but unsuccessful,
the options to the clinician are to continue the current regimen,
repeat the genotyping attempt in a few weeks, or modify empirical
treatment. These options have not been compared in randomized
clinical trials, and widely followed guidelines offer different rec-
ommendations (see Table 5). The clinician should consider the
patient’s treatment history, known drug resistance, resistance bar-
riers of the constituent antiretroviral drugs, duration of persistent
LLV, and pVL trajectory. The clinical course of each patient
should be considered as well, since different approaches may be
indicated for patients with stable clinical status and CD4 counts
compared to those with deteriorating indices. Empirical antiret-
roviral modification among patients with LLV of �200 cpm is
controversial. A potential pitfall of empirical regimen modifica-
tion is that some patients may erroneously discontinue antiretro-
viral drugs to which there is no resistance or retain/initiate drugs
to which there is unrecognized resistance.

VLLV. The management of VLLV is a newly appreciated con-
cern. There are no prospective studies to inform best practices,
and no consensus exists that VLLV requires treatment intensifica-
tion or cART change. Given the high interassay variability near the
detection limits of real-time PCR platforms, any repeat testing
should be done using the same assay.

Conclusions. Both resistance and virologic failure are more
common in patients with persistent LLV than in those with sus-
tained viral suppression at �50 cpm. We encourage additional
studies of the prevalence, causes, clinical significance, and man-
agement of LLV and VLLV to fill gaps in the evidence base for
patient care. There is a need to harmonize treatment guidelines for
managing persistent LLV, particularly for viremia of 50 to 200
cpm. There is also a need to increase the availability of assays to
genotype samples with a pVL of �400 copies/ml.
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